Glucocorticoid hormones, such as corticosterone, are fundamental in the translation of external stimuli into physiological adjustments that promote the survival of an organism in face of changes in its environment. At baseline levels, corticosterone is crucial in regulating daily life metabolism and energy expenditure, whereas the acute corticosterone response promotes short-term physiological and behavioral responses to unpredictable environmental challenges. Given their different physiological effects and their role in mediating fitness components, it is still unclear whether and how inter-individual variation in baseline corticosterone levels and acute stress-response levels can affect the survival of organisms. We used 13 years of capture-recapture and dead recovery data combined with 11 years of corticosterone measurements taken on breeding barn owls (Tyto alba) to investigate how survival probability varies in relation to baseline and stress-induced corticosterone levels. Our study shows that males with a higher level of both baseline and stress-induced corticosterone levels have a higher probability of surviving than individuals with lower corticosterone levels. In females, survival probability was higher in individuals presenting elevated stress-induced corticosterone levels but was not significantly associated to baseline corticosterone levels. Our results suggest that in the barn owl the stress-induced corticosterone response is a better proxy of adult survival than baseline corticosterone levels. Further studies investigating the link between corticosterone levels and different fitness components as well as the environmental factors (e.g. weather, development conditions, disease and predation risk) leading to such endocrine phenotypes are needed to identify the costs and benefits of presenting high and low corticosterone profiles. † Estimates based on standardized data * Difference from female to male
Introduction
Glucocorticoids hormones, such as corticosterone, are crucial for the functioning of organisms as they contribute to regulate a number of important physiological processes, including food intake (Dallman et al., 1993; King, 1988) , energy allocation (Landys et al., 2006; Sapolsky et al., 2000) and locomotor activity (Landys et al., 2006; Overli et al., 2002a) . Baseline glucocorticoid levels are responsible for maintaining energy homeostasis in relation to current and predictable changes in energetic demands (Sapolsky et al., 2000) . To sustain these activities, glucocorticoids follow a diel and seasonal rhythm in response to the different energetic demands associated to daily and life-history stages (Carsia and Harvey, 2000; Landys et al., 2006; Romero, 2002; Roulin et al., 2010) . Glucocorticoids are also part of the adrenocortical stress response that allows the reallocation of resources to physiological functions that are essential to survival when the environment becomes unpredictably challenging (e.g. predator attack, food restriction, inclement weather).
Glucocorticoids therefore play an important role in mediating trade-offs between different life-history traits and, as a consequence, could be associated to fitnessrelated traits (Crespi et al., 2013; Hau et al., 2010; Ricklefs and Wikelski, 2002; Zera et al., 2007) . They may also play an important role in selective processes underlying the expression of these traits given that variation in glucocorticoid levels can have a heritable component (Brown and Nestor, 1973; Evans et al., 2006; Jenkins et al., 2014; Odeh et al., 2003; Pottinger and Carrick, 1999; Satterlee and Johnson, 1988) .
Although, baseline and acute stress-induced glucocorticoid levels can be associated with fitness components, such as reproductive success (Bonier et al., 2009a; Riechert et al., 2014; Schmid et al., 2013) and survival in adults and fledglings Cabezas et al., 2007; Rivers et al., 2012; Romero and Wikelski, 2001) , it is still unclear how variation in corticosterone levels affects the survival of an individual (reviewed in Bonier et al., 2009a; Breuner et al., 2008) . Moreover, our knowledge about the effect of glucocorticoids on fitness traits mostly comes from studies where glucocorticoids levels have been experimentally elevated via implants and injection of glucocorticoids or with the increase of natural stressors, such as food shortage or predators (reviewed in Bonier et al., 2009a; Breuner et al., 2008; Crossin et al., 2016; Sopinka et al., 2015) . In these studies, the experimental manipulation may not mimic perfectly natural situations. For these reasons, it is important to investigate survival in relation to natural variation in glucocorticoid levels (e.g. Blas et al., 2007; Cabezas et al., 2007; Romero and Wikelski, 2001; Wey et al., 2015; Wilkening and Ray, 2016) .
It is commonly assumed that low glucocorticoid levels are beneficial because high and chronically elevated levels can impair the health of an individual (Bremner, 2007; Breuner et al., 2008; de Kloet et al., 1999; Martin, 2009; Sapolsky et al., 2000) .
In contrast, a rapid rise in glucocorticoid levels, in response to a stressful event, is thought to be advantageous, as it allows an organism to redirect energy stores from body maintenance and reproductive activities towards physiological and behavioral processes that are essential for survival (Almasi et al., 2008; Ouyang et al., 2012) .
However, the empirical evidence supporting these predictions is mixed with some studies having found positive, negative or no relation between glucocorticoids and fitness components (reviewed in Bonier et al., 2009a; Breuner et al., 2008) . For instance, lizards (Uta stansburiana and Lacerta vivipara) with higher baseline corticosterone levels have a higher survival prospect (Comendant et al., 2003; Cote et al., 2006) , whereas the opposite pattern has been reported in adult cliff swallows (Petrochelidon pyrrhonota) (Brown et al., 2005) . In the mountain white-crowned sparrow (Zonotrichia leucophrys oriantha), individuals mounting higher stress-induced corticosterone responses showed higher survival (Cabezas et al., 2007 ; see also Patterson et al., 2014) , whereas in nestling white storks (Ciconia ciconia) the opposite pattern was observed . These inconsistencies between studies could result from variation in corticosterone levels across life-history stages and their different energetic demands, which might select for different levels depending on the stage and context in which individuals are sampled (Bonier et al., 2009a) . For instance, selection may favor low corticosterone levels during the early stages of reproduction but higher levels at later stages to reallocate resources from body maintenance to parental care (Bonier et al., 2009b; Magee et al., 2006; Romero, 2002) . Inconsistencies may also arise because of sex-specific roles in reproduction (Bonier et al., 2007) and individual differences in life-history strategies (Angelier et al., 2011; Lancaster et al., 2008; Schultner et al., 2013) . Studying the regulation of glucocorticoids in natural populations is inherently difficult as multiple environmental factors cannot be standardized, such as climatic conditions (Bize et al., 2010; Ouyang et al., 2015; Thierry et al., 2013) , predation risk (Scheuerlein et al., 2001; Sheriff et al., 2009) , food abundance Kitaysky et al., 2007) , population density (Dantzer et al., 2013; Glennemeier and Denver, 2002; Meylan and Clobert, 2004) and disease outbreaks (Dunn et al., 1989; Gustafsson et al., 1994; Love et al., 2016) . Moreover, corticosterone levels are a highly plastic trait that can change in relation to an all-suite of environmental factors that are also known to affect fitness and which can ultimately bias or obscure selection patterns (Bonier and Martin, 2016 ).
In the present study, we investigated whether baseline and stress-induced corticosterone levels are related to adult survival in a free-living population of barn owls (Tyto alba). We used capture-recapture and dead recovery data collected during 13 years, with corticosterone measurements collected during 11 years in breeding adults. The barn owl breeds in human-made sites, which may have profound consequences on its survival given that human presence and landscape structure around breeding sites affect corticosterone levels in nestlings (Almasi et al., 2015) .
Materiel and Methods

Study site and species
The barn owl is a medium-sized bird of prey that lives in open rural landscapes where it hunts on small mammals. In our study area, barn owls commonly breed in artificial nest boxes fixed to the wall of barns. From the middle of February to beginning of August, females lay 1 to 2 clutches per year each comprising between 2 and 11 eggs (Béziers and Roulin, 2016) . Breeding pairs in our population are rather faithful to their breeding site, 78% of pairs who stay together from one year to another stay in the same breeding site (Dreiss and Roulin, 2014) . The typical lifespan of barn owls is of 4 years but individuals up to 15 years have been recorded in our population (Altwegg et al., 2007) . Reproduction and survival in this population are being recorded since 1990.
The present study was conducted between 2004 and 2016 in western Switzerland (46°49'N, 06°56'E). All nest-boxes were controlled once a month from March till September to identify breeders. Additional controls were made to ring nestlings and adults, determine clutch size and number of fledglings. Adult females (n= 289 individuals) and males (n= 166) were captured at the end of the incubation stage or during nestling provisioning (Table 1 ). If an adult had not been ringed as a juvenile, its age was estimated from the moult pattern of wing feathers (Taylor, 1993) .
We distinguished females from males by their incubation behavior and by the presence of a brood patch.
Assessment of baseline and stress-induced corticosterone levels
To assess corticosterone levels, adult barn owls were captured and submitted to a standardized capture restrain protocol. A first blood sample was taken within 3 minutes (mean: 2'36'' ± 32'' (SD)) after first disturbance (e.g. entering the barn or triggering the trap) to assess baseline corticosterone levels (n= 641 samples, Table 1 ).
Although the increase in corticosterone level during the first 3 minutes after an acute stress has been shown to be marginal in other species (Romero and Reed, 2005; Roulin et al., 2010) , we considered sampling time in our statistical analyses ( Table 2) .
The blood sample was taken by puncturing the brachial vein and was then collected with heparinised capillaries. Blood samples were directly centrifuged, the plasma was separated and flash frozen in liquid nitrogen. Once back from the field (within less than 24 hours), the samples were stored at -20°C until analysis within the next 6 months. After having collected this first blood sample, the birds were weighed, the length of their wing measured to the nearest mm and then placed in an opaque cloth bag until a second blood samples was taken 25 minutes (mean: 23'58'' ± 1'51'' (SD)) after capture to measure the stress-induced corticosterone response (n= 640, Table 1 ).
This time lapse corresponds to the peak of corticosterone response in the barn owl (Almasi et al., 2015) .
Total corticosterone assay
Plasma corticosterone was extracted with dichloromethane and determined with an enzyme immunoassay (Munro and Stabenfeldt, 1984; Munro and Lasley, 1988) following (Müller et al., 2006) . Ten microliters of plasma were added to 190µl of water and extracted with 4ml of dichloromethane. The solution was mixed for 30 minutes on a vortex machine and then incubated for 2 hours. After separating the water phase, the dichloromethane was evaporated at 48°C and corticosterone was resuspended in a phosphate buffer. The dilution of the corticosterone antibody (Chemicon; cross-reactivity: 11-dehydrocorticosterone 0.35%, progesterone 0.004%, 18-OH-DOC 0.01% cortisol 0.12%, 28-OH-B 0.02% and aldosterone 0.06%) was 1:8000. We used Horseradish Peroxidase (HRP) (1:400 000) linked to corticosterone as enzyme label and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) as substrate. We determined the concentration of corticosterone in triplicate by using a standard curve run in duplicate on each plate. If the corticosterone concentration was below the detection threshold of 1ng/ml the analysis was repeated with 15µl or 20µl plasma. If the concentration was still below the detection limit (1 baseline sample), we assigned to the sample the value of the assay detection limit (1ng/ml).
Plasma pools from chicken with a low and high corticosterone concentration were included as internal controls on each plate. Intra-assay variation ranged from 3 % to 14 % and inter-assay variation from 7 % to 22 %, depending on the concentration of the internal control and the year of analysis.
Survival Analyses
We used a multistate capture-recapture and dead recovery model to estimate true survival of barn owl adults in relation to plasma baseline and stress-induced corticosterone levels (Lebreton et al., 2009) . The model allowed us to estimate the probability of recapturing an individual given it is alive and did not permanently emigrate from the study area at time t (p), and its survival from time t to time t +1, (ϕ). We modelled survival probability (ϕ) in relation to different covariates including age (quadratic effect) and sex in interaction with corticosterone levels using the logitlink function.
To predict survival in relation to corticosterone we had to model the missing corticosterone measurements because corticosterone cannot be measured when individuals are not captured. Our first approach was to integrate a corticosterone model within the survival model (this would have corresponded to the multipleimputation method from Little & Rubin (2002) ). However, the model failed to converge and we instead fitted two separated normal linear mixed models (one for baseline, and one for stress-induced corticosterone) in R using the function lmer from the package lme4 (Bates et al., 2015) . For the baseline corticosterone model, we included sex, body mass, sampling date (i.e. Julian date) and timing (i.e. hour) as well as blood sampling time (i.e. time lapse between capture and blood sampling) as predictors ( Table 2) . We also added brood size as a measure of reproductive investment and stage at which individuals were sampled, i.e., during the incubation or offspring provisioning period. All variables were normalized ((x-mean(x))/(2 × standard deviation(x))) and the identity of the individuals and the year of sampling were added as random factors. Baseline corticosterone was log-transformed to obtain a normal distribution, whereas stress-induced corticosterone was already normally distributed without any transformation. The same variables were used to model stressinduced corticosterone levels (Table 2) . From these two models we used the expected corticosterone values for every individual and year given a mean value for all other covariates. By doing so, we obtained expected corticosterone values for the years when individuals were not captured and we corrected the measured corticosterone values for the hour of day, sampling time, date, mass, brood size and breeding stage (incubation or offspring provisioning). This has the advantage to obtain corticosterone values that are comparable between individuals and years. In average 62% of individuals for baseline and 72% for stress-induced corticosterone were sampled in all years between first and last capture. The number of baseline and stress-induced samples per individual ranged from 1 to 11 (mean: 1.8 ± 1.32) and from 1 to 11 (mean: 1.92 ± 1.54), respectively.
Recapture probability was modeled in relation to the number of available nest boxes in our study area (i.e. the number of nest boxes varied from 124 to 274 between 2004 and 2016). We modeled the probability of recovering a dead individual as constant throughout the study period. The capture-recapture/recovery matrix started with individual at age 0 (i.e. year of birth) and included only individuals from which we had at least one corticosterone measurement as adult. As we only included juveniles who were recaptured as adults in our analyses we might have overestimated juvenile survival (survival from age 0 to 1). Due to logistic constraints sample sizes varied between baseline and stress-induced corticosterone levels and number of individuals used for baseline and stress-induced models. For baseline, 63 males and 119 females ringed as juveniles and 129 females and 50 males ringed as adults were sampled. From these 361 individuals, 25 were recovered dead during the study period (mean ± SD age recovery: 3.7 ± 2.36) and 251 individuals gave 936 recaptures ( Figure 1 , mean ± SD age recapture: 2.94 ± 2.04). For stress-induced corticosterone we sampled a total of 68 males and 107 females ringed as juvenile and 46 males and 120 females ringed as adults. From these 341 individuals, 13 were recovered dead during the study period (mean ± SD age recovery: 3.38 ± 1.93) and 222 individuals gave 807 recaptures (Figure 1 , mean ± SD age recapture: 2.77 ± 2.07). The age of the oldest individual recovered dead was 9 years and of the oldest individual recaptured alive was 12 years (Figure 1 ).
All live recapture and dead recovery data from birds ringed in or out of our area were extracted from the European Union for Bird Ringing (EURING) data bank and were thus not restricted to our study area.
The capture-recapture/recovery models were fitted in JAGS (Plummer, 2003) version 4.2, using the package RJAGS version 4-6 (Plummer, 2016) in R version 3.3.2 (R Core Team, 2018). JAGS uses Markov chain Monte Carlo (MCMC) simulations to estimate parameters. We simulated three chains with 510'000 iterations, a burning phase of 10'000 iterations, and a sampling interval of 100 iterations and uninformative priors for the different parameters. The mean effective sample size for model parameter was 10'707 and the lowest effective sample size was 4'075. We visually inspected the chains and used the R-hat statistics to assess the convergence of all chains (Gelman and Hill, 2006) . R-hat values for each parameter were < 1.1.
Results
Survival estimates
There was a clear association between baseline corticosterone levels and survival probability in male but not in female barn owls (posterior probability of baseline corticosterone levels being positively associated to survival in males (98%) and females (57%)) (Table 3, Figure 2A ). In contrast, stress-induced corticosterone was associated to survival in both males and females (> 98%). Individuals presenting a higher stress-induced corticosterone level had a higher probability to survive from one year to the next (Table 3, Figure 2B ). Survival probability was also associated with age in a curvilinear way (Table 3) as survival decreased in the first years of life before stabilizing at older ages. Survival was also higher in males than females, an effect that was stronger in individuals presenting a mild-to-high than low corticosterone levels ( Figure 2) . Finally, the probability of recapturing an individual was constant through time and hence not associated with the number of nest boxes available in the study area (Table 3) .
Discussion
In the present study, we examined whether variation in circulating corticosterone levels is related to survival in adult barn owls using 11 years of corticosterone measurements and 13 years of capture-recapture and dead recovery records from 2004 to 2016. Males and females presenting a higher stress-induced corticosterone response survived better than individuals showing a lower stress-induced corticosterone response ( Figure 2B ). We also showed that males on average have a higher survival rate than females ( Figure 2) and that survival is associated with age.
Baseline corticosterone levels and survival
Considering that glucocorticoid hormones, such as corticosterone, are essential in maintaining homeostasis and energy balance, baseline corticosterone levels are predicted to influence fitness components such as survival. For instance, high and chronically elevated corticosterone levels can induce deleterious physiological effects that can affect survival. Corticosterone has also immunosuppressive effects in different species (Bourgeon and Raclot, 2006; Fowles et al., 1993; Rubolini et al., 2005; Saino et al., 2003) , including barn owl nestlings (Stier et al., 2009 ). Further, chronic stress is viewed as an accelerator of ageing and has been shown to reduce telomere length (e.g. Bauch et al., 2016; Monaghan, 2014) , a biomarker of ageing and phenotypic quality in birds (e.g. Barrett et al., 2013; Bize et al., 2009 ) and humans (Boonekamp et al., 2013) . Therefore, high corticosterone levels are most often predicted to be associated with low fitness (e.g. the "cort-fitness hypothesis", Bonier et al., 2009a) . Nevertheless, our results showed the opposite pattern for males, as individuals with high baseline corticosterone levels during the breeding season had a higher annual survival. Like for other fitness traits, the association between corticosterone and survival might be complex and context-dependent, as the different studies investigating the link between baseline corticosterone levels and survival have yielded mixed results, with some studies having found positive (Cabezas et al., 2007; Comendant et al., 2003; Cote et al., 2006) , negative (Brown et al., 2005; Suorsa et al., 2003) or no association between baseline corticosterone levels and survival Jimeno et al., 2017; Romero and Wikelski, 2001 ; see also Bonier et al., 2009a for review). A potential explanation for our results is that high baseline corticosterone levels could be necessary for a proper regulation of the different behavioral and physiological processes, like locomotor functions or mobilization of energetic resources (Wingfield et al., 1998) and that these individuals are in healthier condition. Elevated baseline levels may also increase the permissive action of corticosterone, enabling individuals to better respond to stressful or life-threatening situations (Sapolsky et al., 2000) . For instance, some hormones involved in the stress axis, such as catecholamines and glucagon, an enzyme involved in glycogenesis, require the presence of glucocorticoids to exert their action (Exton et al., 1972; Seleznev Iu and Martynov, 1982) . Individuals with high corticosterone levels might be also more prone to modify their behavior to avoid the potential cost associated with stress and thereby increase their chance of survival. For instance, adult barn owls shift their reproductive behavior towards self-maintenance (i.e. reduce nestling foodprovisioning, home-range size and distance covered within the home-rang) under chronic stress (Almasi et al., 2013; Almasi et al., 2008) . Alternatively, the low survival rate of individuals presenting low baseline corticosterone levels could be the consequence of chronic stress (Dickens and Romero, 2013) , which has resulted in the down regulation and eventually the exhaustion of the HPA axis activity (Müller et al., 2009; Rich and Romero, 2005) . This may have ultimately lead to a suite of deleterious health effects that have impacted their survival (Sapolsky et al., 2000) .
Stress-induced corticosterone levels and survival
Although baseline corticosterone and the acute stress response are both regulated by the HPA axis, the action and function of baseline corticosterone and the acute stress response are different, the first is mediated by the glucocorticoid type I receptor whereas the second by glucocorticoid type II (Romero, 2004) . While baseline levels play a fundamental role in adjusting behavior and physiology of an organism to daily predictable changes, the acute stress response aims to maximize immediate survival during unpredictable events by suppressing temporally non-essential functions (Wingfield et al., 1998) , such as reproduction or development (Meylan and Clobert, 2005; Rubolini et al., 2005; Wingfield et al., 1998) . Considering that we found a positive link between stress-induced response and survival, barn owls with a higher stress-induced corticosterone response may survive better than individuals with lower stress-induced corticosterone response, as they may be able to mobilize more resources and react more adequality during an emergency response. For instance, individuals with a higher stress-induced response may show a higher fight-or flightcapacity than individuals with a lower stress-induced response (Cote et al., 2006; Overli et al., 2002a) . Large increase in corticosterone is also known to stimulate activity, energy acquisition and storage through the glucocorticoid type II receptor (Dallman et al., 1995; Dallman et al., 2004 ; see also Vera et al., 2017 for discussion) .
Note that the role of the stress response is to avoid the internal system to overshoot and restore the state of homeostasis as rapidly as possible to prevent damaging effects (McEwen and Wingfield, 2003; Sapolsky et al., 2000) . Therefore, an organism with large stress-induced corticosterone response might recover faster from a stress challenge as it may have a higher foraging activity (Lynn et al., 2003; Overli et al., 2002b) and food intake (Cote et al., 2006) and thereby, restore reserves more rapidly than an individual with a smaller stress-induced corticosterone response.
However, to maximize fitness, life-history theory predicts that an individual should balance costs between current reproduction and future survival (Stearns, 1989 ). According to this statement, individuals presenting high stress-induced corticosterone response may have a better survival but this may come with some costs that may reduce reproductive success. Indeed, individuals with a high corticosteroneresponse may have a reduced parental care (Lendvai and Chastel, 2010; Wingfield and Sapolsky, 2003) and reproductive success (Schmid et al., 2013; Vitousek et al., 2014) . However, we adjusted corticosterone levels to parental effort (by using the mean estimated for brood size to predict baseline and stress-induced corticosterone levels) for our survival model and individuals with higher corticosterone levels still show a higher survival probability. A result that suggests that high stress responder may not trade survival against reproductive effort but that fitter individuals might just have stronger stress-response.
Corticosterone levels have also been shown to be associated to certain phenotypic traits, including personality traits (e.g. bold vs. shy) (Baugh et al., 2012; Carere et al., 2003; Pottinger and Carrick, 2001; Stowe et al., 2010) , which might impact the fitness of an individual (Biro and Stamps, 2008) . As a mediator of the trade-off between self-maintenance and reproduction (see review Wingfield and Sapolsky, 2003) , variation in corticosterone levels may also suggest differences in life-history strategies between individuals (Lancaster et al., 2008) or coping strategies . This may explain why "high" and "low" stress response phenotypes are maintained in our population, in particular, if variation in stress response is associated to fitness in a context-dependent manner (Jaatinen et al., 2014) .
The biological effect of corticosterone does not only depend on the total circulating levels of corticosterone (Breuner et al., 2013) , but also on the density of receptors to which corticosterone binds (Seckl and Meaney, 2004) , the kind and properties of receptors (Landys et al., 2006; Romero, 2004) , the fraction bound to plasma corticosteroid binding globulins (Mendel, 1989) , activity of enzymes involved in the metabolism of corticosterone (e.g. 11β-HSD type 1 and 2) and the negative feedback mechanism (Sapolsky et al., 2000) . All these factors might also contribute for the observed variation and effects of corticosterone levels among individuals, given that all are essential in triggering the biological effects and the magnitude of such effects.
Conclusion
Overall, our study shows that corticosterone levels are a good predictor of adult barn owl survival and that the stress-induced corticosterone response is a better predictor compared to baseline corticosterone levels (see Figure 2 ). This could potentially be due to the high sensitivity of baseline corticosterone levels to multiple environmental factors and life history stages in comparison to the stress-induced corticosterone response, which tends to show, in certain species, a higher stability within individuals over the years and different life history stages (Angelier et al., 2009; Cockrem et al., 2009; Hennessy et al., 2015; Rensel and Schoech, 2011; Schoenemann and Bonier, 2017) . The survival advantage of individuals presenting high corticosterone levels may, however, be only advantageous at certain life history stages, in particular environments, in face of specific stressors, or for certain personalities. Again, because of the complexity and the number of factors involved in the regulation of corticosterone secretion, further studies, investigating the link between corticosterone or other components of the hypothalamic-pituitary-adrenal (HPA) axis (e.g. rapidity of feedback loop, number of glucocorticoid receptors and enzymes involves in corticosterone metabolism) and survival should be performed to examine whether corticosterone can be used as a reliable fitness proxy in birds. (Table 3) , respectively. The shaded regions represent the 95% Bayesian credible intervals. The tick marks displayed along the x-axes represent, respectively, the raw data for baseline (A) and stress-induced corticosterone levels (B). Table 1 . Correlation between baseline corticosterone (CORT) levels and stressinduced corticosterone levels. The estimates (95% Bayesian credible intervals) of predictors are based on the draw of 50'000 random values from the joint posterior distribution of the model parameters. The year and identity were added in the models as random terms to correct for pseudo-replication. Predictors with a significant effect on CORT levels are written in bold. The estimates are based on 518 samples taken from 356 individuals measured in 11 different years.
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